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Abstract – It has recently been shown that the observed Hubble function for cosmological ex-
pansion can be fitted accurately back to redshift unity (7.33 Gyr ago) with only one free constant,
while neglecting cosmic curvature and mass density, using the modified Friedmann equation im-
plied by subjecting the Higgs scalar field model to conformal Weyl scaling symmetry. It is shown
here that the implied dark energy parameter is produced by dressing the bare scalar field by the
neutral gauge boson field induced by weak cosmological time dependence of the conformal Higgs
model. Predicted persistent cosmic acceleration is consistent with the nonclassical acceleration
parameter inferred by conformal theory from observed excessive galactic rotation velocities and
dark galactic halos, all without dark matter.
Introduction. – In the currently accepted ΛCDM
paradigm for cosmology, dark energy Λ remains without
an explanation, while cold dark matter CDM is assumed
to be responsible for gravitational phenomena that cannot
be explained by general relativity as formulated by Ein-
stein. The search for tangible dark matter has continued
for many years with no conclusive results [1].
This situation motivates serious consideration of an al-
ternative paradigm. Universal conformal symmetry (local
Weyl scaling covariance [2], for all massless elementary
physical fields), promises a falsifiable alternative postu-
late [3,4]. Conformal symmetry, already valid for fermion
and gauge boson fields [5], is extended to both the met-
ric tensor field of general relativity and the Higgs scalar
field of elementary-particle theory [6, 7]. This postulate
is exemplified by conformal gravity (CG) [8–11] and by
the conformal Higgs model (CHM) [12] of cosmic Hubble
expansion, without any novel elementary fields.
The fundamental postulate that all primitive fields have
conformalWeyl scaling symmetry is satisfied by spinor and
gauge fields, but not by the Higgs scalar field [7, 10]. In
the uniform, isotropic Robertson-Walker geometry of cos-
mic Hubble expansion, the Weyl tensor and Lagrangian
density Lg of conformal gravity vanish identically [10].
To explain Hubble expansion, the simplest assumption is
existence of a conformal scalar field. The CHM retains
the Higgs mechanism for gauge boson mass, but acquires
a gravitational effect described by a modified [12] CHM
Friedmann cosmic evolution equation [13], which replaces
Newton’s gravitational constant by a Higgs field parame-
ter of opposite sign [10, 12].
A conformally invariant action integral is defined for
complex scalar field Φ by the Lagrangian density [10, 12],
L0Φ = (∂µΦ)†∂µΦ−
1
6
RΦ†Φ. (1)
Ricci scalar R is trace gµνR
µν of the Ricci tensor.
Higgs parameters w2 and λ are defined by [6, 7]
∆LΦ = −V (Φ†Φ) = w2Φ†Φ− λ(Φ†Φ)2. (2)
Omitting Ricci scalar R, parameters w2 and λ are positive
constants [6, 7]. Stationary action implies constant finite
Φ†Φ = φ20 = w
2/2λ. ~Φ and ~w are energies.
The CHM postulates [12] LΦ = L0Φ +∆LΦ such that
LΦ = (∂µΦ)†∂µΦ+ (w2 − 1
6
R − λΦ†Φ)Φ†Φ. (3)
This differs from conformal L considered by Mannheim
[14] by including Higgs term w2Φ†Φ. Because w2 6= 0
breaks conformal symmetry, it must be produced dynami-
cally, verified below. Nonzero Φ†Φ is shown here to gener-
ate w2 > 0. Biquadratic term−λ(Φ†Φ)2 retains conformal
symmetry. λ < 0 is not excluded in conformal theory, and
is implied by empirical cosmic expansion data. The Higgs
solution for Φ†Φ = φ20 [6] eliminates λ from the CHM
Friedmann equation, which acquires Higgs tachyonic mass
parameter w2 as dark energy [12].
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Neglecting derivative terms quadratic in the Hubble
constant, φ20 = −ζ/2λ implies dimensionless λ < 0, where
ζ(t) = 16R(t)− w2(t) > 0 [12]. Given ζ and φ0 at present
time t0, λ(t0) = −0.185× 10−88.
The CHM Friedmann equation was integrated back to
the earliest cosmic time [12]. Omitting dark matter and
novel fields, parameters were fitted to observed Hubble
expansion data and to two dimensionless quantities char-
acteristic of the CMB, shift ratio R(z) [15] and acoustic
scale ℓA(z) [16] for redshift z = z∗ = 1090. Acceleration
weight Ωq = −q(t) was found to be positive since the ear-
liest time.
The present paper is concerned with verifying theory
underlying Ref [12], in particular the origin of dark en-
ergy term w2 in the conformal Higgs model. Neglecting
background mass and curvature, an analytical solution of
the CHM Friedmann equation, valid for z ≤ 1, replaces
numerical integration [12] here. Table 1, below, shows the
high empirical accuracy of this solution back to redshift
unity. Nonzero mass/energy Friedmann weight Ωm might
be determined by recent expansion data for z > 1 [17].
Augmenting the metric tensor field of general relativ-
ity by scalar and vector fields has a long history, moti-
vated variously by unification with Maxwell’s theory [2],
by Mach’s principle [18, 19], by explaining Newton’s con-
stant [20, 21] in analogy to electroweak theory, and more
recently to explain observed anomalous galactic rotation
[22, 23]. The present theory differs from its predecessors
by requiring both gravitational and scalar bare field ac-
tion integrals to be strictly invariant under local Weyl
scaling (conformal symmetry). This determines unique
Lagrangian densities for both fields [10].
Review of variational theory. – Variational the-
ory for fields in general relativity is a straightforward
generalization of classical field theory [24]. Given scalar
Lagrangian density L = ∑a La, action integral I =∫
d4x
√−gL is required to be stationary for all differen-
tiable field variations, subject to appropriate boundary
conditions. g here is the determinant of metric tensor
gµν . Standard conservation laws follow from the varia-
tional principle.
Gravitational field equations are determined by metric
functional derivative Xµν = 1√−g
δI
δgµν
. Any scalar La de-
termines energy-momentum tensor Θµνa = −2Xµνa , evalu-
ated for a solution of the coupled field equations. General-
ized Einstein equation
∑
aX
µν
a = 0 is expressed as X
µν
g =
1
2
∑
a 6=g Θ
µν
a . Hence summed trace
∑
a gµνΘ
µν
a vanishes
for exact field solutions. Given δL = xµνδgµν , metric
functional derivative 1√−g
δI
δgµν
is Xµν = xµν + 12Lgµν ,
evaluated for a solution of the field equations. Tensor
Θµν = −2Xµν is symmetric.
For fixed coordinates xµ, local Weyl scaling is defined
by gµν(x) → gµν(x)Ω2(x) [2] for arbitrary real differen-
tiable Ω(x). Conformal symmetry is defined by invariant
action integral I =
∫
d4x
√−gL. For any Riemannian ten-
sor T (x), T (x) → Ωd(x)T (x) + R(x) defines weight d[T ]
and residue R[T ]. For a scalar field, Φ(x)→ Φ(x)Ω−1(x),
so that d[Φ] = −1. Conformal Lagrangian density L must
have weight d[L] = −4 and residue R[L] = 0 up to a
4-divergence [10].
Dark energy in the conformal Higgs model. –
Because Higgs parameter w2 breaks conformal symmetry,
it must be of dynamical origin, as are gauge boson masses.
The derivation here shows that conformal modification of
the scalar field equation introduces time dependence on
the scale of the Hubble constant. Finite Higgs field am-
plitude induces a weak source current density for neutral
gauge field Zµ. The induced field dresses the scalar field,
determining the w2 term in its effective Lagrangian den-
sity. The conclusion is that dark energy is an unantici-
pated consequence of the Higgs mechanism.
A uniform, isotropic cosmos is described in cosmological
theory by Robertson-Walker (FLRW) metric
ds2 = dt2 − a2(t)( dr
2
1− kr2 + r
2dω2), (4)
where c = ~ = 1 and dω2 = dθ2 + sin2 θdφ2. k is a cos-
mic curvature constant. Dimensionless scale factor a(t),
which determines Hubble expansion, satisfies a Friedmann
equation [13]. Redshift z(t) = 1/a(t)− 1.
Log derivatives of the Higgs field, on the order of Hubble
constant H0, are very small. Neglecting terms quadratic
in H0, the effective scalar field equation is
δLΦ
δΦ† = (w
2 −
1
6R− 2λΦ†Φ)Φ = 0, implying Φ†Φ = φ20 = (w2 − 16R)/2λ.
For this value of φ20, LΦ = 12 (w2 − 16R)φ20
Metric functional derivative 1√−g
δIΦ
δgµν
is XµνΦ = x
µν
Φ +
1
2LΦgµν , where xµνΦ = 16Rµνφ20. This implies XµνΦ =
1
6φ
2
0(R
µν − 14Rgµν + 32w2gµν), which produces a modified
gravitational equation [12],
Rµν − 1
4
Rgµν + Λ¯gµν = −τ¯Θµνm . (5)
Parameters here are Λ¯ = 32w
2 and τ¯ = −3y2/φ20, replacing
Einstein τ = 8πG/c4. Free radiation energy-momentum
is included in Θµνm .
Numerical factor y2, to be determined from empirical
data, allows for a dimensionless coefficient of conformal
LΦ. The reversed sign of the effective gravitational con-
stant in the conformal Higgs model gives a radically dif-
ferent qualitative picture of early cosmic expansion [4,12].
Primordial mass/energy density would by itself cause ac-
celerated cosmic expansion.
Ricci tensor Rµν for the FLRW metric depends on a(t)
through two independent functions, ξ0(t) =
a¨
a
and ξ1(t) =
a˙2
a2
+ k
a2
, such that R00 = 3ξ0 and scalar R = 6(ξ0 + ξ1).
The CHM Friedmann equation
−2
3
(R00 − 1
4
Rg00) = ξ1(t)− ξ0(t) =
a˙2
a2
+
k
a2
− a¨
a
=
2
3
(τ¯ ρ+ Λ¯), (6)
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given energy density ρ = Θ00m , determines FLRW scale pa-
rameter a(t) and Hubble function H(t) = a˙
a
[12]. Hubble
constant H0 = H(t0) at present time t0. Vanishing trace
in conformal theory eliminates one of the two independent
Friedmann equations of standard theory.
Defining a˙
a
= h(t)H0, it is convenient to use Hubble
units, such that c = ~ = 1, and dimensionless a(t0) = 1,
h(t0) = 1. The units for frequency, energy, and accelera-
tion are H0, ~H0, cH0, respectively.
Dividing the CHM Friedmann equation by a˙
2
a2
(t) =
H2(t) gives dimensionless sum rule
Ωm(t) + ΩΛ(t) + Ωk(t) + Ωq(t) = 1, where
Ωm(t) =
2
3
τ¯ρ(t)
H2(t) < 0, ΩΛ(t) =
2
3
Λ¯
H2(t) =
w2
H2(t) > 0,
Ωk(t) =
−k
a2(t)H2(t) , and Ωq(t) =
a¨a
a˙2
= −q(t). ρ here in-
cludes both mass and radiation energy density.
Cosmological constant Λ¯ = 32w
2 > 0 is consistent with
electroweak theory. For positive energy density ρ, τ¯ρ < 0,
as shown by Mannheim [14].
Mannheim [14] has fitted observed type Ia supernovae
luminosities for redshifts z ≤ 1 to a formula based on the
standard Friedmann equation, with Ωm = 0, within the
statistical error of empirical luminosity distances dL:
H0dL
c
=
(1 + z)2
−q0 (1− [1 + q0 −
q0
(1 + z)2
]
1
2 ), (7)
evaluated for −q0 = Ωq(t0) = ΩΛ(t0) = 0.37.
For Ωm = 0, the standard Friedmann sum rule requires
Ωk = 1 − ΩΛ, implying Ωk much larger than empirically
anticipated [15]. It is shown below that CHM Friedmann
Eq.(6) fits the same data with both Ωm and Ωk set to zero.
The CHM sum rule reduces to ΩΛ + Ωq = 1 [12], which
determines acceleration weight Ωq > 0.
Fit to observed Hubble expansion. – In Hubble
units t(HUB) = t(MKS)H0(MKS) and
a˙
a
(t) = h(t) are
dimensionless. Setting Ωk = Ωm = 0, for α = w
2 =
ΩΛ(t0), the CHM Friedmann equation [4, 12] is
a˙2
a2
− a¨
a
=
2
3
Λ¯ = α. (8)
In Hubble units, Eq.(8) reduces to d
dt
h(t) = −α. The
explicit solution for t ≤ t0 is
h(t) =
a˙
a
(t) =
d
dt
ln a(t) = 1 + α(t0 − t),
ln a(t) = −(t0 − t)− 1
2
α(t0 − t)2,
a(t) = exp[−(t0 − t)− 1
2
α(t0 − t)2]. (9)
From the definition of redshift z(t):
1 + z(t) = 1
a(t) = exp[(t0 − t) + 12α(t0 − t)2],
(t0 − t)2 + 2α (t0 − t) = 2α ln(1 + z).
In Hubble units with a˙
a
(t0) = 1, this implies
t0 − t(z) = (
√
2α ln(1 + z) + 1− 1)/α,
dt
dz
=
−1
(1 + z)
√
2α ln(1 + z) + 1
. (10)
If α = 0.732 and z = 1, (t0 − t)/H0 = 7.33Gyr, for H0 =
67.8± 0.9km/s/Mpc = 2.197× 10−18/s [25].
Neglecting both curvature weight Ωk and cosmic
mass/energy weight Ωm, conformal sum rule ΩΛ+Ωq = 1
holds for acceleration weight Ωq =
a¨a
a˙2
. For Ωk = 0, lumi-
nosity distance dL(z) = (1 + z)χ(z), where
χ(z) =
∫ t0
t(z)
dt
a(t)
=
∫ 0
z
dz¯(1 + z¯)
dt
dz
(z¯) =
∫ z
0
dz¯√
2α ln(1 + z¯) + 1
. (11)
Evaluated for parameter α = ΩΛ(t0) = 0.732, the fit to
scaled luminosity distances H0dL/c from Hubble expan-
sion data [12, 14] is given in Table 1.
Table 1: Scaled luminosity distance fit to Hubble data
Theory Observed
z ΩΛ Ωq H0dL/c H0dL/c [14]
0.0 0.732 0.268 0.0000 0.0000
0.2 0.578 0.422 0.2254 0.2265
0.4 0.490 0.510 0.5013 0.5039
0.6 0.434 0.566 0.8267 0.8297
0.8 0.393 0.607 1.2003 1.2026
1.0 0.363 0.637 1.6209 1.6216
Because conformal gravitational Lg vanishes identically
in uniform isotropic geometry [10], Hubble expansion is
driven by the gravitational field equation due to − 16RΦ†Φ
in conformal LΦ [12]. Higgs parameters w2, λ determine
Ricci scalar R and a cosmological constant [12].
Conformal scalar field. – The conformal scalar field
equation including parametrized ∆LΦ is [10, 12]
1√−g∂µ(
√−g∂µΦ) = (−1
6
R+ w2 − 2λΦ†Φ)Φ. (12)
Ricci scalar R introduces gravitational effects.
Only real-valued solution φ(t) is relevant in uniform,
isotropic geometry. Defining V (φ) = 12 (ζ + λφ
2)φ2, where
ζ(t) = 16R− w2, the field equation is
φ¨
φ
+ 3
a˙
a
φ˙
φ
= −(ζ(t) + 2λφ2). (13)
Omitting R and assuming constant λ > 0 and w2, Higgs
solution φ20 = w
2/2λ [6] is exact. All time derivatives
drop out. In the conformal scalar field equation, cosmo-
logical time dependence of Ricci scalar R(t), determined
by the CHM Friedmann cosmic evolution equation, intro-
duces nonvanishing time derivatives and implies λ < 0.
Determination of parameter w2. – The Higgs
model [6, 7] derives gauge boson mass from coupling via
gauge covariant derivatives to a postulated SU(2) doublet
scalar field Φ. SU(2) symmetry is broken by a solution of
the field equation such that Φ†Φ = φ2(t) where φ = φ0,
p-3
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constant in space. Only the neutral component of charge-
doublet field Φ is nonzero.
An essential result of the Higgs model, generation of
gauge field masses, follows from a simplified semiclassical
theory of the coupled scalar and gauge fields [6]. This
is extended here to include the gravitational field, metric
tensor gµν , but greatly simplified by assuming the stan-
dard cosmological model described by Robertson-Walker
geometry. This is further simplified, for the purpose of es-
tablishing credibility and orders of magnitude, by consid-
ering only the neutral vector field Zµ. Numerical results
follow from solving nonlinear coupled field equations.
Gauge invariance replaces bare derivative ∂µ by gauge
covariant derivative [7]
Dµ = ∂µ − i
2
gzZµ. (14)
This retains LZ in terms of Zµν = ∂µZν − ∂νZµ and aug-
ments conformal
L0Φ = (∂µΦ)†∂µΦ−
1
6
RΦ†Φ (15)
by coupling term
∆L = (DµΦ)†DµΦ− (∂µΦ)†∂µΦ =
i
2
gzZ
∗
µΦ
†∂µΦ− i
2
gzZ
µ(∂µΦ)
†Φ +
1
4
g2zΦ
†Z∗µZ
µΦ. (16)
Parametrized for a generic complex vector field [7],
∆LZ = 1
2
m2ZZ
∗
µZ
µ − 1
2
(Z∗µJ
µ
Z + Z
µJ∗Zµ), (17)
given mass parameter mZ and source current density J
µ
Z .
The field equation for parametrized Zµ is [7]
∂νZ
µν =
2√−g
δ∆IZ
δZ∗µ
= m2ZZ
µ − JµZ . (18)
∆L from Dµ, Eq.(16), determines parameters for field Zµ:
2√−g
δ∆I
δZ∗µ
=
1
2
g2zΦ
†ΦZµ + igzΦ†∂µΦ (19)
implies not only Higgs mass formula m2Z =
1
2g
2
zΦ
†Φ, but
also field source density JµZ = −igzΦ†∂µΦ. Time vari-
ation of real field φ determines pure imaginary J0Z =
−igzφ∂0φ = −igz φ˙φφ2. Cosmological time variation of
Ricci scalar R implies nonvanishing real parameter φ˙
φ
.
The same logic can be applied to scalar field Φ. Func-
tions of gauge fields in the gauge covariant derivative
of Φ can be identified with otherwise arbitrary param-
eters in the model ∆LΦ of Eq.(2). Defining ∆IΦ =∫
d4x
√−g∆LΦ, the parametrized effective potential term
in the scalar field equation is given by Eq.(2):
1√−g
δ∆IΦ
δΦ†
= (w2 − 2λΦ†Φ)Φ. (20)
Using ∆L derived from the covariant derivative,
1√−g
δ∆I
δΦ†
=
1
4
g2zZ
∗
µZ
µΦ +
i
2
gz(Z
∗
µ + Zµ)∂
µΦ. (21)
Comparison with Eq.(20) implies w2 = 14g
2
zZ
∗
µZ
µ. Ne-
glecting derivatives of induced gauge field Zµ, Eq.(18)
reduces to Zµ = JµZ/m
2
Z . Implied pure imaginary Z
µ
does not affect parameter λ. However, |Z0|2 = 4
g2z
( φ˙
φ
)2,
so that the scalar field equation implies nonvanishing
w2 = 14g
2
z |Z0|2 = ( φ˙φ )2.
Dividing LΦ, ∆LΦ, and the implied field equation by
arbitrary constant y2 does not alter the formula for φ2.
For ∆L derived from covariant derivative Dµ, Eq.(16),
2√−g
δ∆I
δZ∗µ
=
g2z
2y2
Φ†ΦZµ +
igz
y2
Φ†∂µΦ. (22)
Eqs.(18) and (19) imply m2Z =
g2z
2y2Φ
†Φ and J0Z =
−igz
y2
φ˙
φ
Φ†Φ. Z0 = J
0
Z
m2
Z
= −2i
gz
φ˙
φ
cancels factor y2 from
w2 = 14g
2
zZ
∗
µZ
µ = ( φ˙
φ
)2. For postulated LΦ/y2, modi-
fied Einstein equation XµνΦ =
y2
2 Θ
µν
m implies parameter
τ¯ = −3y2/φ2 in the conformal Friedmann equation.
Weyl scaling residues cancel exactly for real gauge fields
[26], so that the total energy-momentum tensor is confor-
mal and traceless. The trace condition can be verified for
the pure imaginary gauge field derived here [4].
Derivatives due to cosmological time dependence act as
an extremely weak perturbation of the Higgs scalar field.
The scalar field is dressed by an induced gauge field am-
plitude. Derivatives of the induced gauge field (but not of
Φ) can be neglected and are omitted here.
The standard Higgs model omits R and assumes con-
stants w2, λ > 0. For trial solution Φ = φ0 of the scalar
field equation, constant Φ†Φ = φ20 = w
2/2λ. This implies
φ˙0
φ0
= 0, which does not couple the fields.
In conformal theory Ricci scalar R(t) varies in cosmo-
logical time, but ζ = 16R − w2 > 0 [12]. Time-dependent
φ20(t) = ζ(t)/(−2λ) is defined if λ < 0, but is no longer an
exact solution unless Ricci R is constant. This results in
small but nonvanishing φ˙
φ
, hence nonzero source density
J0Z . As discussed below, the coupled field theory does not
rule out negative λ.
Theory omitting charged gauge fields W±µ does not de-
termine parameter λ. w2 and φ0 are well defined if λ < 0,
as required by empirical 16R > w
2 [12]. Confirming the
standard Higgs model, gauge field Zµ acquires mass mZ
from coupling to Φ.
The coupled fields break conformal and SU(2) symme-
tries. Time-dependent R implies nonvanishing real φ˙ and
pure imaginary J0Z . Complex solutions of the gauge field
equations, induced by pure imaginary current densities,
exist but do not preserve gauge symmetry. Imaginary
gauge field amplitudes model quantum creation and anni-
hilation operators. Only the squared magnitudes of these
nonclassical entities have classical analogs.
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Current values of time derivatives. – The ac-
curate empirical fit of Table(1) assumes constant α =
w2 = φ˙
2
φ2
. Derivative terms of second order in H0 are ne-
glected in approximate Higgs solution φ20(t) = −ζ(t)/2λ,
where ζ(t) = 16R(t) − w2. Weight parameters in Ta-
ble(1) ΩΛ = w
2a2/a˙2,Ωq = a¨a/a˙
2 at present time t0 are
ΩΛ = 0.732,Ωq = 0.268, fitted to Hubble expansion data
for redshifts z ≤ 1 [12], with Ωm = 0. Time-dependent
Ricci scalar R = 6(ξ0(t) + ξ1(t)), where ξ0(t) =
a¨
a
and
ξ1(t) =
a˙2
a2
+ k
a2
[12]. For k = 0, 16R(t) = h
2(t)(2−ΩΛ(t)−
Ωm(t)) = h
2(t)(1 + Ωq(t)) > h
2(t)ΩΛ = w
2.
ζ > 0 for computed R(t) [12] implies λ < 0. ~φ(t0) =
174GeV [27]= 1.203×1044~H0 in Hubble units. For Ωm =
0, ζ(t0) = 2Ωq(t0) = 0.536 . If λ(t) = ζ/(−2φ2), φ(t) =
φ0(t). Given ζ(t0) and φ(t0), λ(t0) = −0.185× 10−88.
φ˙
φ
can be estimated from computed ζ(t). Defining
φ(t) = b(t)φ0(t), Eq.(13) becomes
φ¨
φ
+ 3
a˙
a
φ˙
φ
= −(ζ(t) + 2λφ2) = ζ(b2 − 1). (23)
This can be integrated for b(t) given λ(t) and φ20(t) =
−ζ(t)/2λ determined by the Friedmann equation.
Assuming φ ≃ φ0 simplifies Eq.(23). Given φ2(t) =
ζ(t)/2τ(t), where τ = |λ|, 2 φ˙
φ
= ζ˙
ζ
− τ˙
τ
. Neglecting Ωm
for z ≤ 1, for α = ΩΛ(t0), ζ(t) = 2h2(t)Ωq(t) = 2(h2(t) −
α) implies ζ(t0) = 2(1 − α) = 0.536. From Friedmann
equation h˙ = −α, ζ˙(t0) = 4hh˙ = −4α = −2.928. Then
ζ˙
ζ
(t0) = −5.462 in Hubble units. φ˙φ (t0) = −
√
α = −0.856
implies τ˙
τ
(t0) = −3.750. Constant λ implies φ˙0φ0 (t0) =−2.731. Time-dependent λ is consistent with a dynamical
mechanism.
Higgs model parameter λ. – It is widely assumed
that negative λ would imply an unstable physical vacuum,
but the present analysis does not support this conclusion.
A simple harmonic oscillator model is not valid for the
coupled field equations considered here. At a more funda-
mental level, the field equations result from a variational
principle of stationary action, not from an extremal prin-
ciple. As exemplified by Maxwell theory, this implies con-
servation laws that include energy-momentum transport
as well as local conservation.
Since fields independent of Φ determine finite energy-
momentum tensor Θµνm , the gravitational equation re-
quires XµνΦ to be finite, regardless of any parameter val-
ues. This precludes spontaneous destabilization. Given
slowly varying w2 and function a(t) determined by the
CHM Friedmann equation, Eq.(23) has a stable exact so-
lution b(t)φ0(t), which varies smoothly with parameters.
The postulate of universal conformal symmetry for
primitive massless fields [4] implies vanishing relativistic
trace for the energy-momentum tensor of each distinct
field. Vanishing total energy-momentum trace is retained
for interacting fields, subject to conservation laws. This
precludes constructing a valid model of run-away expan-
sion of the conformal Higgs scalar field or the Friedmann
scale function driven in the field equations by material
fields of finite amplitude.
The conformal Higgs scalar field does not have a
well-defined mass, instead inducing dynamical w2, which
acts as a cosmological constant determining dark energy.
Nearly constant φ˙/φ for redshifts z ≤ 1 is shown here
to imply Higgs λ < 0, consistent with a dynamical ori-
gin. Negative empirical λ implies finite but ‘tachyonic’
mass for a scalar field fluctuation. This does not sup-
port the conventional concept of a massive Higgs particle
[28]. A novel particle with Higgs properties may exist [29],
and could account for the sign and magnitude of λ. Elec-
troweak masses depend only on a stable Higgs scalar field
of finite amplitude, implied by the present analysis.
Compatibility with conformal gravitation. –
The postulate of universal local Weyl scaling (conformal)
symmetry requires modifying both general relativity and
the Higgs scalar field model. No new fields are assumed.
Conformal gravity (CG) is confirmed by a fit to rotation
data for 138 galaxies [10,30]. The conformal Higgs model
(CHM) acquires a gravitational effect that fits observed
Hubble expansion for redshifts z ≤ 1 (7.33 Gyr) accu-
rately with only one free parameter. Neither model re-
quires dark matter. Recent criticism of CG is resolved
[31]. Consistency is assured if both conformal models are
implemented. Nonclassical CG acceleration parameter γ
is determined by the CHM. A recently established empiri-
cal relationship between classical and nonclassical galactic
radial acceleration [32] requires nonclassical acceleration
to be independent of galactic mass. Conformal theory is
found to be consistent with this and with the v4 baryonic
Tully-Fisher relation for orbital rotation velocities [33,34].
Vanishing of centripetal acceleration outside a halo bound-
ary, a unique implication of conformal theory, is confirmed
[31].
Conclusions. – These developments modify standard
cosmology qualitatively, justifying persistent positive ac-
celeration. Acceleration history is model-dependent. This
may account for the current discrepancy in values of the
Hubble constant [25, 35]. Integration of the standard
Friedmann equation back to the CMB would be inaccurate
if conformal theory is correct.
The present analysis indicates that conformal theory
can explain the existence and magnitude of dark energy.
This removes the huge disparity of parameters relevant to
cosmological and elementary particle phenomena. Small
parameter ~2w2 = 1.53×10−66eV 2 is determined by a cos-
mological time derivative. ~2φ2(t0) = 3.03× 1022eV 2 is a
ratio of two small parameters, approximately 12~
2w2/|λ|.
The underlying scale parameter is the Hubble constant.
The present demonstration of consistency of the con-
formal Higgs model with observed Hubble expansion has
many practical implications. It validates an uncon-
ventional cosmic history [12]. In particular, the non-
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Newtonian gravitational coupling parameter due to the
Higgs scalar field has opposite sign to standard theory.
This implies accelerated initial expansion due to mass and
radiation density, a form of spontaneous ‘big bang’ not re-
quiring any ad hoc new theory. The CHM Friedmann
equation, omitting Ωk and Ωm, is valid for t→∞, imply-
ing cosmic expansion until a turnaround to contraction
after an interval comparable to Hubble time unit 1/H0.
The CHM Friedmann acceleration weight is positive from
the onset of expansion, not at all a recent phenomenon,
changing sign only as t− t0 approaches Hubble time.
An accurate solution for the early universe should in-
clude time variation of electroweak parameters that de-
pend on φ, including the Fermi constant for β decay.
The author is grateful to colleagues John Baglin and
Barbara Jones for helpful comments.
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